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Abstract

Background—Extant obesity efforts have had a limited impact among low-income underserved
children, in part because existing programs are limited in terms of their short duration and low
dosage, limited accessibility and sustainability; and failure to address barriers faced by diverse
low-income families.

Methods—This two-arm, parallel, randomized controlled trial (RCT) tests whether delivering
obesity prevention, as part of an ongoing home visitation program (HVP), is an effective approach
for primary (infants) and secondary (mothers) obesity prevention among low-income, underserved
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1.

families. This RCT further examines the role of maternal and social factors as key mechanisms of
transmission of infants’ obesity risk, and the real-life costs of delivering obesity prevention as part
of HVPs. Specifically, 300 low-income mothers/infants (6mo at baseline) participating in the
Healthy Families America home visitation program in Antelope Valley (CA) will be recruited and
enrolled in the study. Home visitors serving families will be randomly assigned to deliver the
standard HVP curriculum with or without obesity prevention as part of their weekly home visits
for two years. Anthropometric, metabolic and behavioral assessments of mothers/infants will be
conducted at enrollment and after 6 and 18 months of intervention.

Discussion—This study addresses the need to develop interventions targeting at-risk infants
before they become obese. The proposed research is timely as the Institute of Medicine, the United
States Department of Agriculture, and the Department of Health and Human Services are revising
their recommendations to address key factors influencing obesity risk in children from birth to 24
months of age.

Introduction

Over 500 publicly and privately funded home visitation programs (HVPS) provide services
to more than 650,000 low-income, underserved children and their families in the U.S.
annually. HVPs are embedded in a comprehensive system of child and maternal health
services that is designed to promote optimal child development and prevent adverse
outcomes [1-5]. Randomized controlled trials (RCTs) show that high-quality HVPs can
effectively improve children’s physical and psychosocial health, such as, birth outcomes,
breastfeeding, immunization rates, and overall cognitive and social development [5-23].
Although some HVPs provide basic information on infant nutrition, there has been no
comprehensive and sustainable effort to address childhood obesity prevention, nutrition, and
physical activity, as part of HVPs services. This is surprising as more than 40% of low-
income children enrolled in federally-funded preventative programs are overweight or obese
by age five [24-27]. Initiating and maintaining healthy habits is very difficult, especially for
families that face a multitude of barriers, such as, poverty, housing instability, food
insecurity, and a lack of access to linguistically and culturally competent services. These
challenges highlight the need to integrate obesity prevention as an essential component of
child and maternal health services.

Consistent with a capacity building approach, the proposed two-arm, parallel, randomized
controlled trial (RCT) aims to test whether extending the curriculum and mission of HVPs
can address obesity and health disparities. Specifically, this RCT tests whether delivering in-
home obesity prevention as part of HVPs is an effective and sustainable approach for
primary (infants) and secondary (mothers) obesity prevention among low-income,
underserved families.

The RCT also focuses on understanding maternal and social determinants of intervention
effects and identifying key determinants that can be leveraged to prevent childhood obesity
in infancy. The intervention is based on the premise that maternal factors (maternal weight,
feeding practices and home environment), and social network factors (supportive family and
community social networks), are key pathways affecting child outcomes during the
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important developmental period of infancy/early childhood. Accordingly, the intervention
explicitly targets maternal health behavior and feeding practices [28-31], as well as mothers’
social networks (i.e., their connections to people and organizations) by creating
opportunities for meaningful, health-supportive relationships to be fostered and maintained
(Figure 1).

The proposed study also includes a pragmatic economic analysis (costs, cost-savings, and
non-monetary benefits) of integrating obesity prevention for infants into existing HVPs. The
results can inform maternal and child health public policy initiatives that seek to address the
intergenerational transmission of obesity and obesity disparities and prevent obesity in early
childhood.

2. Methods

2.1. Overview of study design

Table 1 depicts the logic model underlying the proposed study. Healthy Families America
home visitors (see 2.3. Intervention Arms) will be randomized to deliver the HVP
curriculum with or without obesity prevention for 18 months (standard duration of services
provided by our partner). Mothers and their infants will be recruited and enrolled on a
rolling basis over 24 months, and matched to a home visitor based on race, ethnicity and
language preference. Assessment of mothers and infants will be conducted by assessment
workers (blind to study assignment) at enrollment, and after receiving 6 and 18 months of
services.

The study protocol has been reviewed and approved by the University of Alabama at
Birmingham Institutional Review Board (Proposal #RB-300001382) and by the University
of Southern California Institutional Review Board (Proposal #HS-18-00025). Participants
(mothers) will be required to provide informed written consent for themselves and their
children before participating. The study will be reported according to the Consolidated
Standards of Reporting Trials (CONSORT) statement [32], and is registered with
ClinicalTrials.gov (Protocol Record NCT03529695).

2.2. Participant recruitment and eligibility criteria

Participants will be low-income mothers and their infants (2 to 6 months at enrollment) who
are already receiving services from our HVP community partner (Figure 2). Mothers are
initially enrolled into the HVP through outreach and screening pre-partum, in English or
Spanish, at community health centers and hospitals. In order to be eligible for the HVP
mothers must meet a number of risk criteria such as poverty, housing instability, lack of
social and material support, lack of transportation and limited education and literacy.
Enrolled mothers are matched to a home visitor based on culture and language. Based on our
formative work with our HVP partner, we expect to recruit 70% Hispanic/Latino, 13%
African American, 8% White, 5% American Indian/Alaskan, 4% mixed race. Mothers/
infants will be ineligible for the research study if they have any of the following conditions:
eating disorders (e.g., bulimia nervosa), schizophrenia, and obesity-related syndrome (e.g.,

Contemp Clin Trials. Author manuscript; available in PMC 2020 April 13.


http://ClinicalTrials.gov

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

de la Haye et al.

Page 4

Prader Willi). Participants enrolled in a weight-loss program will be ineligible. Eligibility
will be assessed via medical history as described in the 2.4. Measurements section below.

2.2.1. Recruitment and enrollment.—Assessment workers, who are employed by our
community partner but are distinct from home visitors delivering services, will introduce the
study to mothers and obtain written consent. They will clarify with mothers that their refusal
to participate in the study will not affect their receipt of any other services provided by the
HVP or community organization.

2.2.2. Randomization.—Randomization will be at the level of home visitors, who
deliver the HVP to participating families (cluster randomization). Home visitors employed
by our community partner will be randomly assigned to deliver either HVP only or HVP+
obesity prevention, stratifying by language of service delivery (Spanish/English) and case
load (part time/full time). Potential concerns with randomizing by home visitors are feasibly
addressed in this study. First, the likelihood of bias is reduced due to the homogenous
population enrolled in HVPs (e.g., income, ethnicity/race). Second, to reduce contamination,
the training and supervisions of home visitors assigned to each arm will be held on separate
days. All analyses will control for home visitor work experience (number of years providing
services).

2.3. Intervention Arms

2.3.1. Standard home visitation curriculum.—Our partner HVP is one of 400
nationwide Healthy Families America (HFA) sites/chapters, housed at Antelope Valley
Partners for Health. The HFA model meets the DHHS criteria for an “evidence-based early
childhood home visiting service delivery model” (See http://homvee.acf.hhs.gov). HFA
services begin prenatally and continue until children are 2-5yo depending on the HVP
model. The curriculum focuses on strengthening parent-child relationships and family
functioning, promoting positive child development, and linkage to community resources
(e.g., medical providers, financial/housing assistance, childcare, substance abuse treatment,
community programs). HFA accredited home visitors (experienced Licensed Vocational
Nurses or nurses) are matched to families on cultural background and language (English or
Spanish), to provide culturally sensitive services. Home visitors are selected because of their
personal characteristics (e.g., non-judgmental, compassionate, ability to establish a trusting
relationship), their experience working with culturally diverse communities, and their skills
to do the job.

2.3.1.1. Standard home visitation curriculum training.: HFA home visitors receive
rigorous training in handling situations encountered while working with at-risk families.
They further receive training in cultural competency, substance abuse, reporting child abuse,
domestic violence, and linkage to services in their community. Home visiting staff also
receive intensive training specific to their role (e.g., identifying at-risk families, standardized
assessments, phlebotomy, mental health referrals, promoting preventive health care, utilizing
creative outreach efforts, establishing and maintaining trust with families, building upon
family strengths, developing individual family support plans, teaching parent-child
interaction, managing crises). Home visiting staff receive weekly supervision, ongoing
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developmental training, and have limited caseloads (10-15 families) to meet their families’
needs.

2.3.2. Obesity prevention curriculum (Table 3).—Our obesity prevention
curriculum uses a culturally sensitive, language specific, and community-forming model of
implementation to deliver key maternal and child nutrition and physical activity components
as part of home visiting services in a way that is engaging for families. As is standard
practice with home visiting services and family-centered obesity interventions, the home
visitors engage other household members whenever possible (e.g., spouse; mother in law;
grandparents).

Our formative work indicates that a mix of didactic and experiential approaches is needed to
help families adopt behaviors that will promote their child’s health. Didactic education
focuses on in-home individualized coaching to help mothers implement changes in their
“natural environment”. A strong emphasis is placed on parent modeling healthy behaviors
(i.e., co-engaging in healthy behaviors with their children) and goal setting in which mothers
set weekly activity and nutrition goals (e.g., decreasing by “x” the number of sugar-
sweetened beverages). Parents are taught strategies to change cues in their home
environment to gradually eliminate high-energy dense foods from the home environment
and make their home more conducive to exercising (e.g., removing computer/televisions
from sleeping areas) [50].

The curriculum also includes social experiential activities premised on our theoretical
framework that emphasizes social network influences. Mothers will be invited to participate
in bimonthly group-led nutrition and physical activity communal classes and activities.
These activities will be housed in our home visiting partner’s facilities, which include
meeting rooms and a demonstration kitchen. The goal of the communal classes and group
activities is to twofold: 1) foster the development of relationships between mothers to create
healthy social networks that are supportive of the newly developed healthy behaviors, and 2)
provide the opportunity to engage in hands-on practice of the healthy eating and physical
activity skills covered during the individual home visits. For example, during a communal
cooking class, mothers will form small groups and collaboratively work on a quick and easy
dish. A community health specialist will supervise the activities and facilitate discussion
between participants. At the conclusion of the class, the small groups will reconvene in a
larger group, and mothers will share their meals, which will also provide a communal
context for discussion and exchange around shared experience. Childcare will be provided in
an adjacent room to promote attendance. These social activities are akin to those delivered as
part of the National Institute of Food and Agriculture’s Expanded Food and Nutrition
Education Program [51]. Home visitors delivering the obesity prevention curriculum will be
asked to encourage mothers to attend the voluntary communal classes. We will also monitor
the number of classes and group activities mothers attend to evaluate if participation in these
activities is related to intervention outcomes.

2.3.2.1. Obesity prevention curriculum training.: Home visitors delivering the obesity
prevention module receive a 2-day initial training and annual refresher courses, which covers
(1) the importance of, rationale for, and education about the healthy behaviors targeted,
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including addressing possible misinformation (e.g., recognizing starchy vegetables), and (2)
practical advice specific to each targeted behavior (e.g., strategies to replace sugar-
sweetened beverages and juices; ways to increase daily steps). Home visitors are trained to
adapt the material to families’ cultural and individual practices and preferences (e.g., food
modifications based on favorite meals; selection of relevant/tailored cues).

2.3.3. Intervention fidelity.—Intervention fidelity encompasses integrity (intervention
arms are implemented according to established procedures) and differentiation (intervention
arms are distinct from one another) [52]. The following strategies and safeguards are used to
ensure the fidelity of the intervention delivery: (1) Comprehensive assessment of the
standard home visitation curriculum avoids content overlap between intervention arms. (2)
As described in sections 2.3.1.1. Standard home visitation curriculum training, home visitors
receive extensive training to master the standard home visitation program’s psychosocial and
educational curriculum (supported by scripted manuals) and they receive weekly
supervision. The training, scripted manuals and supervision prevent drifting (i.e., avoid
covering topics/areas not included in the standard curriculum). (3) Home visitors delivering
the nutrition and physical activity curriculum receive a 2-day initial training and refresher
courses, as described in section 2.3.2.1. Obesity prevention curriculum training.
Implementation quality is further supported by a scripted obesity prevention manual and by
weekly supervision to review progress, dosage and timing of delivery, and to provide the
opportunity to resolve problems or issues encountered. (4) Interventions are delivered in the
families” homes, and supervisions with home visitors implementing different arms are held
on separate days to minimize the risks of contamination between the intervention arms. (5)
Completion of checklists after each visit. After each visit, all home visitors have to complete
a detailed checklist documenting the details of their visit (e.g., time spent in the home, topics
discussed, problems encountered, parenting issues and challenges addressed) to comply with
the requirements of the standard home visitation program model of implementation. All
home visitors also have to carefully document the number of visits provided, and the reasons
for visits missed or rescheduled. Home visitors implementing the obesity prevention
curriculum will be required to complete an additional checklist to document the time spent
discussing the obesity prevention curriculum as well as the specific nutrition and activity
topics covered.

2.4. Measurements

Assessment workers (certified in phlebotomy) employed by our community partner will be
trained to recruit families for the study and administer the study assessments in English or
Spanish (Table 4) in the families’ homes at baseline/enroliment, and after 6 and 18 months
of intervention. Home visitors will be trained to gather interim, objectively measured, weight
measurements for the purpose of generating more frequent data points, triangulated with the
assessment workers’ measurements.

2.4.1. Medical and family history.—A thorough family history and physical
examination will be conducted at baseline. We will collect demographic data, including
socioeconomic status (education, income, eligibility for- and enrollment in SNAP).
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2.4.2. Infant growth & waist trajectories.—Weight will be measured on a digital
scale (Tanita) accurate to the nearest 5g. Length will be measured to the nearest 0.1 cm using
an infanto-meter using the standardized WHO approach, including use of staff training
modules. Weight and length will be used to calculate weight-for-length and weight-for-age
z-scores (WHO Standards). Infant growth rates will be examined as the change in WLZ,
from baseline to follow up (24mo), adjusting for the time between visits. Waist
circumference will be measured in triplicate at the umbilicus (nearest 1-mm) using a non-
stretch measuring tape.

2.4.3. Infant diet & activity.—To fully capture /infants’ diet (e.g., breastfeeding, use of
formula, fruits/ vegetables, fat/sugar intake), we will use multiple tools. Diet recall. Mothers
will be interviewed about their /nfants’intake of fruits, vegetables, friend foods, and sugared
beverages. Mothers will complete the /nfant Feeding Practices Survey 11 (IFSQ) [53, 54] to
capture breastfeeding and feeding history and introduction to formula and solid foods.
Infants’ activity. Because of validity issues related to accelerometry in infants/young
children, we opted to capture time engaged in sedentary activities and structured/
unstructured physical activity reported by mothers (e.g., tummy time, watching television,
sleeping) [55-57].

2.4.4. Maternal biomarkers for metabolic risks.—Mothers’ blood will be drawn by
trained assessment workers and plasma will be stored at —80°C for analysis. Biomarkers of
obesity and type 2 diabetes risk that will be tested include: blood glucose, lipids, and
inflammatory markers (CRP). CRP will be measured using the Millipore Multiple assay kit
at the USC DORI Core Laboratory. Lipids will be assayed using Vitros Colorimetric assays
(Johnson & Johnson Clinical Dinostics Rochester, NY) for cholesterol, triglycerides and
HDL-cholesterol. Sitting blood pressure (mothers) using auscultation and heart rate will be
measured on the right arm after a 2-minute rest. Three readings of blood pressure and heart
rate will be obtained and the average of the last two last will be recorded.

2.4.5. Maternal weight & waist circumference.—Weight and height will be
measured in participants’ homes by trained assessment workers, using an electronic scale
(Model BWB-800S, Tanita, Portage, MI) and stadiometer (Model PE-AIM-101, Perspective
Enterprises) according to standard procedures [58]. Participants will remove shoes, belts,
and heavy outerwear and empty pockets. We will measure height in duplicate and if
measurements are not within 0.5 cm, we will obtain a third measurement. The mean of all
measurements will be used to calculate body mass index (BMI). Waist circumference will be
measured at the umbilicus to the nearest 1 mm using a non-stretch measuring tape.

2.4.6. Maternal diet & activity.—Mothers’ dietary intake and activities will be assessed
using the recall procedure described above with mothers reporting on their own food intake.
Outcomes of interest include: servings of fruits/vegetables, fat/sugar intake and sugary-
sweetened beverages, and time and frequency that mothers engage in physical activity.

2.4.7. Maternal social networks & support.—Using egocentric social network
methods [59] and EgoWeb software [60], we will assess the characteristics of the social
actors (people, organizations) and relationships that surround mothers [61, 62]. Using
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standard name generator items [62, 63], participants are asked to identify 20 important
adults in their lives, and then report on the attributes of each person (demographics, health
attributes/behaviors) and types of relationships they share. Relationship characteristics of
interest include how they know the person (e.g., family, friend from a community program,
etc.), frequency of interaction, provision of support for health behaviors (e.g.,
encouragement for or co-engagement in specific behaviors), and perceptions of the person’s
weight status/health behaviors [64—66]. Egocentric network data is used to compute network
composition variables (e.g., proportions of family/friends in the network), and variables that
represent important network structures (e.g., sparse or dense support). Respondents will also
be asked about health-related relationships (e.g., information seeking, support) they have
with community organizations. Social network analysis (SNA) will be used to compute
summary statistics for each mother’s network, such as the proportion of network members
that engage in regular exercise or that provide health relevant support, and the density of
supportive relationships [67].

2.4.9. Maternal food insecurity.—The U.S. Adult Food Security Survey Module [68]
is an 18-item, three-stage design with screeners. Each stage consists of characteristic
conditions and experiences of food insufficiency to meet the basic needs of household
members, and of the behavioral responses of household members to these conditions. We
will test if scores mediate the effect of COPE on infants’ outcomes, as energy intake and
weight are related to food insecurity [69—77].

2.5. Analytic plan and power analysis

2.5.1. General strategy.—Three waves of data will be collected (baseline/enroliment, 6
and 18 months of intervention). Prior to statistical analyses, data will be carefully inspected
to ascertain their quality. We will conduct standard statistical diagnosis and descriptive
statistics of demographic and background variables, and examine frequencies for
reasonableness, sparseness (categorical data) and non-normality (continuous variables) of
the data. Missing data will be addressed using multiple imputation and/or full information
maximum likelihood estimation. Psychometric properties of the study scales will be
investigated to assure appropriate validity and reliability. Preliminary analyses will be
conducted to examine group equivalence on baseline characteristics. Categorical methods of
analysis (e.g., cross tabulations, chi-square) will be used for discrete data while #tests will
be used for continuous data to test the comparability of the prevention arms. Factors found
to be different at baseline will be adjusted for in subsequent analyses. The following
covariates will be entered in all analyses: home visitor, home visitor experience (years),
number of visits, household composition, race/ethnicity, acculturation, mother’s age,
medical history/gestational diabetes.

2.5.2. Social network analysis (SNA).—Network data will be analyzed using SNA
packages in R (e.g., SNA, igraph) to produce visualizations and statistics that summarize the
characteristics of each mothers’ network. We will compute the following network statistics:
the proportion of network members that provide specific types of health relevant support,
and that engage in specific health behaviors; and the density of supportive relationships
within each network (i.e., the number of supportive relationships among network members
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that are reported, as a proportion of the total number of possible supportive relationships
where all network members provide support) [78, 79]. These statistics will be computed for
each assessment period (as well as change statistics across periods), and included in the
analyses, as described below.

2.5.3. Statistical Models Aims 1-3.—Our conceptual model includes three types of
variables: Intervention arms (HVP vs. HVP + obesity prevention) and covariates, mediators,
and outcome variables. We will use multiple statistical procedures tied to the analytic
objectives of each of our specific aims, including generalized linear modeling, path analysis
and structural equation modeling (SEM) approaches. To control for potential cluster effect
due to home visitors as families are nested with visitor, statistical models will be developed
based on multilevel path analysis to test direct and indirect (or mediational) effects
hypothesized in the model [80, 81]. The models involve two levels with mothers or children
as Level-1 units and visitors as Level-2 units treated as a random effect. With multilevel path
modeling approach, the covariance matrix to be analyzed can be properly decomposed into
individual- and group-level covariances to account for the clustering effect due to visitor
nesting effect of the data. The multilevel path model can involve all variables from the
family level in the analysis. The model can also incorporate distal predictors and mediators
from the visitor-level (Level-2) and outcomes from family-level (Level-1) data. The aims of
the proposed study focus on the Level-1 units. Following Bentler-Weeks [82] modeling
notation, the path model can be expressed as: n=gn+y&, with all exogenous (distal)
variables defined as £ and all endogenous (mediators and final outcomes) variables as 7. The
parameters in Sand y matrices can be specified according to the hypotheses of each Aim.
Models to be developed are discussed in greater detail below for each Aim. Mplus software
[83] will be used for model estimation and evaluation.

2.5.4. Power Analysis Aims 1-3.—A total of 30 home visitors will be recruited and
randomized to HVP or HVP + obesity prevention. With an average of 10 families served by
each visitor, a total of 300 families will be invited to participate in the proposed study over
18 months. Based on our pilot work and existing HVP data [84—88], we expect a retention
rate of 75% of families, which will result in a final sample of more than 200 mothers/infants.

We have calculated power using G*Power [89] based on an effective sample of N=200 for
the main weight related outcomes with the design of repeated measurement. All tests use a
two-sided alpha level of .05. Our pilot study showed a small to medium effect size of .4
(Cohen’s d) on our main outcome of children’s weight velocity and smaller effect on energy
intake after 6 months of intervention. No previous study has investigated the long-term (18
months) delivery of in-home obesity prevention on 0-2-year-old children’s growth trajectory,
diet and activity. However, an in-home intervention compared to outpatient pediatric
counseling resulted in a large effect size of 1.64 (Cohen’s @) for changes in zBMI at 12
months, among obese 2-5yo children [90, 91].. After taking inflation factor due to clustering
effect of home visitors into account [103], our proposed sample size of 200 will have enough
power to detect medium effect sizes based on Cohen’s /92] between .17 and .20.

2.5.5. Real-life economic analysis.—We will document the costs of adding obesity
prevention to home visitation services through cost logs and interviews with HVP directors.
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We will consider the costs of labor (i.e., the time home visitors spent in training and in
administering the obesity prevention curriculum x their wage rate) and the costs of the
materials required for training and for the intervention delivery (i.e., intervention manuals
and activity sheets). We will evaluate how these costs can be absorbed through ongoing
federal funding allocated to home visitation programs nationwide.

We will further calculate infants and mothers’ weight, metabolic, and behavioral trajectories
and how they differ by child gender, household structure, and other observables. These
analyses will be conducted at two levels. First, we will calculate the cost-effectiveness of
delivering obesity prevention as part of HVP (compared to standard HVP curriculum alone)
by comparing the cost of adding obesity prevention per unit of improvements in weight,
metabolic, or behavioral outcomes with the cost per unit of improvement in these outcomes
compared to alternative obesity programs with similar aims (e.g., prevention delivered in
outpatient settings). This will provide a measure of the effectiveness of delivering obesity
prevention as part of HVP services.

We will rely on an extensive review of the literature to obtain estimates of costs and
improvements associated with alternative obesity prevention models delivered in outpatient
settings, and their ability to reach ethnically and racially diverse low-income families.
Second, in the absence of long-term data, simulation models are often used to predict long-
term outcomes and/or evaluate the cost-effectiveness of healthcare interventions. We have
developed a simulation model to predict BMI trajectories and associated medical
expenditures over the life cycle (e.g., [93]). The model utilizes data from the Medical
Expenditure Panel Survey (MEPS) to model yearly changes in BMI and healthcare costs
associated with each possible initial BMI state. The model was validated using data from the
National Health and Nutrition Examination Survey (NHANES).

3. Discussion

Home visitation programs (HVPs) successfully promote child development and reduce risks
of negative psychosocial and academic outcomes [5-23]. Although some HVPs provide
basic information on infant nutrition, there has been no comprehensive and sustainable effort
to address childhood obesity prevention, nutrition, and physical activity, as part of their
services. This represents a critical gap. These children are especially at-risk of obesity, given
their families’ low level of income. Indeed, the prevalence of high Weight-For-Length
among children enrolled in home visitation programs is substantially greater than that of the
general U.S. population (based on NHANES data) [94]. To address these disparities, the
proposed study tests whether delivering in-home obesity prevention as part of ongoing home
visiting services is an effective approach for primary (infants) and secondary (mothers)
obesity prevention among low-income, underserved families.

We will identify key maternal and social determinants of the intervention that can be
leveraged to prevent childhood obesity in infancy. Our focus on understanding maternal and
social determinants of intervention effects increases the significance, innovation, and impact
of this research, as follows. First, achieving positive changes in maternal health behaviors
and food security is not only beneficial for mothers’ health, but may also address the
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intergenerational transmission of obesity risk and health disparities. The proposed research
represents a unique opportunity to test the impact of key maternal mechanisms on obesity
transmission and whether a comprehensive approach to maternal/infant health can alter
children’s weight trajectories [95]. Second, despite evidence that obesity is influenced by
social networks and social-ecological systems, which extend well beyond the parent-child
context, few childhood obesity initiatives have translated this evidence into practice.
Families are embedded in social networks and in communities that influence their health
behaviors and their practices through several mechanisms, in particular via social influence
and social support [65, 66, 96—101]. These social factors can ultimately promote or impede
behavioral change and maintenance [102-104]. This study is unique in its explicit targeting
of families’ social networks by creating opportunities for meaningful, health-supportive
relationships to improve the adoption and maintenance of healthy behaviors [104, 105].

Akin to other community-based RCTs, this study faces potential challenges. First, illiteracy
can interfere with mothers’ engagement and adherence to intervention recommendations.
The study materials and intervention manual were designed with this issue in mind in
developing hands-on demonstrations and practices for families, and group activities for
mothers. The intervention material is also rich in pictures with limited need for literacy.
Since a large proportion of families are Hispanic, all materials are available in Spanish and
English.

Another potential challenge pertains to the synergy between new and existing program
content. The obesity curriculum was designed collaboratively with home visitation directors
and staff who are experienced in integrating enhancement modules to complement other
program goals. In our pilot and formative work, we found no differences between
intervention arms on standard home visitation benchmark areas (see Table 2 for a list of
benchmark areas targeted by our HVP partner), suggesting that the addition of the obesity
module did not negatively affect other program targets.

A third consideration when implementing intervention in the real world relates to treatment
fidelity. Intervention fidelity encompasses integrity (interventions are implemented
according to established procedures) and differentiation (interventions are distinct from one
another).[52] Our preliminary findings suggest that our strategies are effective in preserving
integrity and differentiation: (1) We have conducted a comprehensive assessment of the
standard HVP curriculum to avoid content overlap. (2) Home visitors complete rigorous
training to learn the HVP curriculum and to meet the requirements of Healthy Families
America (the HVP model used by our community partner). Home visitors also receive
weekly supervision to review progress and address issues. (3) Home visitors delivering the
obesity prevention program receive a 2-day initial training and annual refresher courses from
Dr. Salvy, with scripted manuals and materials. Dr. Salvy further reviews 25% of the session
checklists to monitor fidelity. (4) Weekly supervisions (home visitors) and annual focus
groups (families, home visitors, and Community Advisory Board) are conducted to review
progress, dosage and timing of delivery, and provide the opportunity to resolve problems or
issues encountered. (5) Intervention components are delivered in the home or at specified
community-run settings (e.g., group activities), and meetings and supervisions with home
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visitors implementing different arms are held on separate days (at Antelope Valley Partners
for Health) to minimize the risks of contamination.

3.1. Conclusion

The delivery modalities of current obesity efforts disproportionally restrict reaching and
engaging children who are most at-risk for obesity. Extant modalities also limit the
development and generalization of healthy habits in the families” home environment. If
proven successful, this initiative is poised to have a substantial impact because our proposed
strategy can overcome these challenges by building on the strengths of an ongoing
infrastructure that provides culturally-tailored and family- and community- oriented services
to a segment of the population at high risk for obesity and related diseases. This model of
delivery is promising in terms of scalability, sustainability and cost effectiveness (by using
existing infrastructure), all of which are critical issues to consider for the delivery of health
services. This work has the potential to inform maternal and child health public policy
initiatives that seek to address the intergenerational transmission of obesity efforts. If
effective, this intervention can be readily disseminated to other HVPs sites nationwide as,
over 500 publicly and privately funded home visitation programs provide services to more
than 650,000 low-income, underserved children and their families in the U.S. annually.
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Social network Social network
low in “health support” high in “health support
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O Participant (mother)

. Social network member with “healthy” behaviors

A\ Social network member with “unhealthy” behaviors

---- Relationship that does involve support for health behavior
—— Relationship that does not involve support for health behavior

Figure 1.
Social network characteristics relevant to healthy behavior change
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Families enrolled in home visiting program over the course of the
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HVP only HVP + obesity prevention
(n=100) (n=100)

Figure 2.
CONSORT Flow diagram (projected)
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Table 1.

Logic model for the delivery of obesity prevention as part of home visitation programs.

SITUATION: More than 40% of low-income children enrolled in federally funded programs are overweight or obese by age 5. Obesity efforts
have limited impact among underserved, low-income children, at risk for obesity.

INPUTS OUTPUTS

OUTCOMES

= Existing home visitation ACTIVITIES

infrastructure

= Evidence-based nutrition, activity,

and behavioral components; Research connectedness, social-experiential activities

and education expertise; Pilot study PARTICIPANTS

= Delivery of an obesity prevention curriculum: nutrition,
= Funding physical activity, psychosocial support and behavioral
change, healthy home environment, support and community = Healthier diet and physical activity

SHORT AND MEDIUM TERM
» Healthier infant feeding practices
= Healthier home environment

for mothers and infants
= Social connections supporting

evidence = Mothers/infants receiving home visitation services health

= Partnership (academia, service
systems, stakeholders, families,
community organizations)

= Community Advisory Board (CAB)
= Training and intervention curricula
= Input from childhood obesity
experts

= Home visitors, directors and stakeholders

LONG-TERM

= owered obesity incidence and
health disparities among children
involved in home visitation
programs

= Reduced costs of obesity and
related diseases

ASSUMPTIONS

= Personal, family and structural factors influence the outcomes of
childhood obesity prevention.

= The home visitation program infrastructure provides a scalable,
sustainable, cost-efficient delivery model for obesity prevention.

= Combining didactic and social experiential learning is necessary to
engage and mobilize families and children.

= Supportive social networks are pivotal to sustain healthy change

EXTERNAL FACTORS

= Underserved families lack access to opportunities and resources
that facilitate healthy behaviors (e.g., poverty, food deserts).

= Social and community contexts can support or create barriers to
healthy behaviors.

= Home visitation programs do not currently address childhood
obesity, and home visitors are not trained to address obesity risks.

EVALUATION AND OUTCOMES: Aim I (maternal and infant outcomes). Test the direct effects of obesity prevention on infants and
mothers’” weight, metabolic and behavioral trajectories. A/m 2 (maternal transmission). Test the hypothesis that mothers’ weight, diet and
behavioral outcomes (activity, feeding practices, and food insecurity) mediate the effect of obesity prevention on infants’ outcomes. Aim 3
(social transmission). Aim 3a tests the direct effect of obesitv prevention on maternal networks. Aim 3b tests whether the characteristics of
maternal networks mediate maternal and infant outcomes. Secondary Aim. Conduct a real-life economic analysis (costs, cost-savings and non-
monetary benefits) of integrating obesity prevention into existing a home visitation program.
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Table 2.

Components of the two intervention arms compared.

HVP curriculum  HVP curriculum + obesity prevention

Maternal/infant health X X
Child physical and social development X X
Crime and domestic violence X x
Child abuse and neglect X X
Family economic stability X X
Breastfeeding X x
Maternal nutrition X
Infant nutrition and feeding practices X
Maternal and child physical activity and play x
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Table 3.

Key components of the obesity prevention curriculum

Components

Content

Maternal
nutrition

Home visitors coach mothers to gradually build healthier nutrition goals congruent to their cultural practices and ethnic
specific food palate: (a) increasing intake of vegetables and fruits (=5 servings/day of fruits and vegetables) and integrating
nutrient-dense ingredients in their families’ meals/recipes; (b) limiting intake of high-saturated fat and sugar in modifying
families’ favorite recipes; (c) eliminating sugar-sweetened beverage intake, supported by the provision of information and
activities on sugar content, long-term effects of high sugar consumption, importance of drinking water, and impact of
advertising [33-39]; (d) Home visitors teach mothers to prepare and store foods they can afford, and/or receive from W/C
and the Food Bank, to meet these healthy eating goals.

Infants and
young children
nutrition

Mothers learn about feeding/eating developmental stages and transitions, and healthy feeding [40-43] practices to promote:
(a) responsiveness to child hunger and fullness cues; (b) the consumption of nutrient-dense foods (as opposed to energy-
dense); (c) the transition to a structured schedule for meals/snacks from complementary feeding; and (d) the use of non-
food related child soothing techniques. Mothers also learn strategies to address neophobia [44, 45], such as repeated multi-
sensory (i.e., smell, touch, taste) exposures to nutrient-dense novel foods [46], gradual texture shaping, parents/caregivers
modeling, and involvement of children in food selection and preparation; and strategies to handle meal-related tantrums
(e.g., redirection, positive reinforcement of appropriate behaviors) [47, 48].

Maternal and
child physical
activity

Although there is no unequivocally accepted guideline for the number of minutes children 0-2yo should be active each day
[49], the DHHS has summarized recommendations from the National Association for Sport and Physical Education, the
American College of Sports Medicine, and the National Institutes of Health: (a) daily planned physical activities, including
tummy time, that safely support the infant’s developmental milestones (e.g. head and neck self-support, rolling, floor
sitting, kicking, crawling, reaching and grasping for objects, etc.); (b) engage in 30 minutes of supervised but unstructured
physical activity each day; and (c) avoid being sedentary for more than 60 minutes at a time, except when sleeping. The
American Academy of Pediatrics (A.A.P.) Expert Committee further suggests limiting screen time [50]. Our obesity
prevention module is premised on the above guidelines in addition to CDC guidelines for adults (150 minutes of moderate
intensity physical activity/week). Parents learn to make activity/play a daily habit for their entire family by exploiting
lifestyle activities (e.g., taking the stairs, walking to the shop). Home visitors help parents design activities around their
local environment, schedule, and preferences, and to optimize their use of safe spaces. Parents are provided with
information about resources and free group activities conducive to physical activity (e.g., parks, walking clubs, outings,
etc.), and classes they can take with their children and with other HVP families. The curriculum emphasizes the importance
of parents co-engaging in activities with their children to set a good example through modeling and to provide opportunities
for their children to be physically active.
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Assessment time points (month of intervention) and key measures.
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Baseline

3

12

15

18

Covariates

Race/ethnicity, household composition, post-partum depression, maternal age, medical history
(including preeclampsia/gestational diabetes)

Mothers

Height/weight and waist circumference
Blood, blood pressure, heart rate

Diet and activity recall

Feeding practices

Food insecurity

Social support and social networks

Infants

Weight/length and waist circumference
Blood (heel prick)

Diet and activity recall (mother report)

Cost Analysis

Costs of labor and costs of materials
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